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Description 



Poryenllnes and their Maidbauf* 

This invention reterw to por/mcr* of the po^anfflnt etase end to their mwfmeuK. PoiyartSnea sxtst II at teest three oxidation state* (some aumora recognise adtfMton^ fnttarnodbti fenn*); th» 
emenutfn* form is pottcutanV hkrviing a* a is electrically conducting when aitatty doped into • W torn (with a posftfve choice on the polymer backbone balanced by negatm dwjn on 
adjacent loml but the reduced lauooomortJdVra term end the oxjdteed penscreriSno form (*» Ml as the emerauana farm) have phyiica) properties (net may Justny commerdsl appfieatfon. 

TM beet oenvendenal route for lyntfwtrs or pelyenlsnM (and eubeatufed poryanilties) it by oxtfaoen m an aqueous add environment wOh a perautess or etner perexy compound (far example. 
Abe et el J Chen Sac, Chem 

Comrruii 198* 1736-ao; Monkmsn at at Synthetic Metai* 40 57). 

A croup inducing A Q MocOksmrid and S K Manoner (In a oonflerance paper only briefly reported in Bud Amer Phys See 1flM *7 pSOS, and h WO03r09i 75) rus sug ge st ed that high* meleculaf 
weights can be achieved by adding a ass, such as lithium cftforida, or an acid to tha reaction mixture, partly to eflow the reocben temperature to be reduced and potty to icaasf the potarfty 
flonlc etrenrjth) of tho medun, but ha* reported (Synthase Metal* 55-67 (1 999) 977**2) ) Hat me affect on conductivity is teigrilrcant. EP-0361429 recommend* that tho oodbhg agent should 
be added dropwiso to avoid tho temperature rising, above TC Wno*J/10297 rcoomrnenda dropwlw addition of extra oxidant «rftor the reaction has peaked, presumably to pedong in* ntaeuon 
ame. 

USSO0IO41 pfopoeaa to ooaclse a mtaure of eniflrs and fee dimcr, and claims that extemety nigh rncfecufar weight* result. Some of these workers hovw used en *M*noa% ttoichlometrfc 1.25:1 
molar rofia of oxidant to antflna; omen; nave pnxerrod to use an excess of antma despb* the reduced yield that info mfasile; in particular, Ame* end 

Mler (Synthetic Metals ZZ 365463 (166*)) have propeaod that the reGo should not exceed about 1.1 8:1. CP-0C05077 proposes to control (thai is to 8mft) ih* molecular weignt of the product by 

adding both Ihe reagent* to the reaction vessel gradual at cantrofled rates. MfJon at al (J Phys 

0] App Phye 28 (1693) 1-458-74) have r**grwed tho fcnerfan of r4*n«my»-2-eYTOBdor» ss a ptastfciscr in potyanime*. 

A* tho papar aswady elted tram Synthetic Metafs se-eT ectaewledgQc, tho convention*) method of estimating mdecuiar weights of poiyenfllnes by get perm nation chrurnabor^hy using 
polystyrenes a* r*nW*no* polymer* give* quite Iracunt* r**urar. ml* i* parneuMy eo in ihe presence of Sthiurn chlorid* a* it lead* to dscoicraoon of NHiicthy12^refliecne, Eha moat practtcabte 
solvent Wg have round ftnl signateriUy more uuthvorthy e*Umate« can be obtained by using rjor/^-vlnytDyridto reference psrymonc, and thai the motocuiar we^rtts «f oanvonflonaay prepared 
potytnllln** meanred in thi* way era much, lower than claimed to the Uttratura* and In general below 30.000. (far simplicity, molecular weight* quoted In this appdostton are ^nop" vakaa, thai it 
molecular weight* CMraspcndfig to the maximum intensity m tho Observad peak of the gatpeniicafion ennxnateg/aphy trace; provided mat peaks can be revived, the technique permits 
rumbar-average and watg^-avenaga motocOar weights (Mn and Mw respectNeiy) to be esvncted, but only by inlagrattcn of the trace; Mp vehica are considered tulDdantfy chanKXeristng for 
present pufpoesA). 

Tho present invention eT0*e trom a development progrHmme (oenduaed in no Department cf Physics of tho 

University of Durham and h Cw labcratcnde of High rVce . . 

Rasooich} to whlcn me mvemor* nave found that oriented pofcanfitne films can be made w8h a much more linear structure (and s&CReantly higher molscutBr wcwhta)^ in consnquance of which 
they have srtprowd physical pruperties end sigriTicantty higher cofuftjcftritj** n tho orisntalion dtoctton a oriantad fan, and have established processes by which such pe^yanilmes can be 
produced. Some cf the potyaniOnaa mada in accordance with the present invention have molecular weight* around 1 30,000 and achieve eanduetMties (in the orientation atrecUon of oriented 
films) bettsr thsn SOQC&cm. 

tn acctfdjnco wMh ont aspect cf (he invention, apofyantnn* I* characterised by e nudear rrwgnebc reeonance spectrum in ita \m form showing oniy two13C peeks. InoTcattng tha substantai 
lofchj* 



r^afcrrod potyaruiircs in acterdartc* with (he invention have i molecular weicm (M ) above 90,000 and up to aboU 
p 170.000 (mere ospaestly 100,000 to 140,000). 

Tha invention Includes * preferred method of making such s pdyartsna comprlstng oxidising anlne in aeneous solution wfth s persulphate and is charactertsed by the ocmwnatton of conditions 
that me ackfity of the soruticn tfnougncut the reaction is such that if its tewporvuni Is adjusted to CTC * wfi twm a pH in (he range from about -0L3 to +0.0; mat the temperature ot me solution 
(sin (he range rrom -9 to about -40 C; that the solution contains at least sufficient inert Ionic soWe to mwnt^in it in the Equid state: and that the persuiphst* is added ft the soMen always at a 
mto uji)s^onoV>g to t local oddtton t)me cf et least sw noun ynd '« a mater rafia to the anyine In the range from 1.1:1 to 1A1. 

Prcforabty the addajon or the pereutprtate does not occupy a period greator tan M hours. 

As used horoin, (ho torn ^ya^on** means s rxroopofymer cf snfilne ttsef . that is to wy the use of rjotyaninnae derived wholly or ^ port from ana or mors than one suodttuted online t* 



The aotday of tha actutten can bo eomoflod by rogutating ma sorting uo n ts j ws j d on* of the tngrodlcnts and (ff neeeaaary) (he reaction time, by buff ering, or by use of a dn>feed of pH edjusttng 
addtUve ragulsiBd by calculation based on the oqsected state of reaction or on rneesoraments cf the pfi of tho soJution (which wiQ normally require the use of solution samples extracted and 
wirmed » ZTC or some other temperature at which pH otocmxles work rrlfabry). If there Is a sufficient concartrBt'on of diloHde, H is considensd suffldsm to ccrnroi the itartin^ pH. as the 
tendency to form moteoufar HCt under the reaction conditions provonts m* nsmg much accvo mat convponding toapWef 43. Preferably tha startmg acidity Is in the «BproomatB nsnge 
eorrespDndng to a pH from -0,1 to 1.0. ff tha oddity is too areet, yield of pdyaraTstt Is tow, at least partly because sido- reactin rts such aa ring eNortnatksn occur; tf it is too low, polymorfsaoon fcaihs 
toMtlate. 

Ptorerabfy the, temperature Is H the range between -id end -34 C (mom espeoeJy between -25 and -30 C, wfth en estimated optimum lAmperakr* about -25 C) throughout tho reaction. 
Satfetectery resufta are obtained wth me tamperature hold substantiairy constant in m* specified range, but tho Applicant eensiders it possible that there may be merit in vsrytng the temperature 
in the course of the reaction (Tor ttstanoe slowly reducing It), If the temperature is toe high, tha Bneartty and oonductfvsy cf the pdyania^e w(B be tnscequste end ss mcleculer wcigre low; if K a 
too low, Ihe reaction may cease or proceed too stowty. 

Very tow inert ionic solutes are avaUabt*. and (except when the pH Is near me bottom of 3* permitted rang* end me twnperaturo near the tap of as oamnmad rang*, when nydFocnionc acid may 
suffice) we rocomrrtend mum cntotut, rns^neeium cMonoe or eodsjm Chtortde. The oxidation reaction zBI not proceed if the solution freezes, and high ionic saxngth Esvours ihe desired long 



Stow odOUon of tho porsutphato is pfosunied to help increase motectser wetgra by favouring chain growth over chain infttsSbn. PreferaWy Ihe rate of additton is uniformly slow and u i Lfu ebl y 
addBlon taxes a period of 12 to 24 hours, WMhin (ho rango spediod, a rnghsr r*ua of persulpntte to aniline favours high yieU but e lower ratio a higher molecular weight Ratios higher than 
issni u sppsar to nex extfAtion to the pornjgremano state, evidanced by purple rather man pale blue eolcuraden in the filtrate after sepwobon ef Ihe pol/aniGh*. We therefore prafer to use s 
raeo n the ninge 1.15 to 1 A w*n pjrtlo^ 12 to 1.3 or far maximum mctseutar weigni 1.1a to 1.1 High motacutor weight is usuaty dSl^rable as ccnimuur^ to 

maximum ccnoudivity, but on the other hand may sometimes be urvJedrabte as tt rsduces carnpetAxltty widi ofier polymers, tf ft should be desired to use mixtures. 

rrsferabty tho film is erientsd by sbetu l ik i y a in the presenoe of a suosuvtlal residue (prefsrebiy sbeut 10-30% by weight, wfth the optimum at the top of tho range) of sohrent as pbisticfater. 
Suttee!* soivem ptastidsors are N-mcthyU pynjUtoone, totramethyt urea and 1.3-dtnemy| Imtoezdfdone (aba cased l.ddmethyt nnide^tofktinone). N^ethyr^pyrceKlone (NK4P) is much preferred. 

The ootlmum degjreB of oncntation needs to to be oeiennined by tnob dependbig on the molecular weight and other vansMee; for the preferred poh/aniones In accordance wsh th» irnvnhen, thle 
optimum uuHuujunuV to an etaigjtiuii of about 60014. 

The folawing examples aaxstreto (he invenSon wUh reference to the Accompanying drewisjv in winch 
Figure i rap i e sa n ta (he structures of the three prtnetpeJ axfdstton state* of pefyenlllne; 

ffjjum ? Hgum 4 and wash of figure* 6-14 is an NMR spectrum of a djfrarant sample of bucopcr^anJlms in aeeerdanee w8h me invomton; 
Ftgure 3 an co^inarent spec&um for a coYwsfsjonajry pre pa r e d potyanBlne; end 

ftgures is * graph of cendutfrity oaahst elongaijon far anm sarnpie ef poryani^e m acoordanoa with tho invention In onented mm form. 

Figure 1 shews for laJoronca tho stiixdurat formubja of perfectly regular polyaniQnes tn tn* l*ueoemerald>w, crricrnJdrie and pen^granitme oxidation states respectively. 
Comparison Dojmpie A 

On* tanm of a mot* (lZ06g) of anUne rrydTocttortda waa dlssorvod In 150ml of tis&sd watsr and stirred in a besxer at ambient temperature (about 18-Q; to thb a scajbon of ai26 motoe 
(2&5g) ef omracnium peroufphats In 80ml of dteffltod water was eeced dropwtse over a p«nod of 4 hours, and stirring conunusd for a ^rthor ZQ haum Tho nsachon mudure was than fflter&d and 
the rocidua washed three ames wih 100 ml of dttflDad wsssr snd stirred in loom! of 33% aqueous ammenb for 8 hours to deprotonate the Dorysniline product before re&Ibsing and washing Lmce 
with 200ml of alstilsd wnoir and onos- with 100fflJ of is oprop e no i On drylnq under vaeuvm at tore, odyanifirsi with a mottoitsf walght (M ) ot about 40,000 was recovered in its erocrakSne 
p base form at a yield of aoeU 90%. 

This potysmEne was dissolved in r^ethy(2-pyn , ott3ofte at 10% eoGd* oone*fs7*tion end homooefiuwd in a centrifuge for en hour at 4000rpm before decanting the solution to .-amove any too 
perttdas. The solution was 2 cccjted on gbss to ghre a coaeng wetaht of about 0.09cm and sorVant parostly removed by haaCng at SOX under veouum for about an hour, Tho coating was 
p«««d *om oSo gktss to term a sa«Ai43eoreng fflm fl o nts t nin g sboul 25% of N^emytZsjyroJSoonc; samples around 2 by 3 cm were cut trom It fxorierronp. 

These samples were damped at their narrow and* and Eh* two damp* Massed lean wsn a tension of about 5N while the temperature wee raised from stnoiom to 60* C. This poduced an 
elenosjHsn of abaut 200% and « Ms^rtontkl oegrae ef ursaxJaf orianiatron. The oriented film was than pretonsied by exposure to 10% SGUCOUS hydnsehtorie acid mr 24 hrjurc, Corsluodvitles In 
mept&neeftnesVn inendporpe^ Peuw*B/Moritoomsff/s Aeuauone, and 

wore tound to be 20OSfcm and 403Vcm respecUvely (conpsred witn vauee eround dOaVcm for simitar fwn in (ho ur«rierKed state). 

Comparison Gxampto B 
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Aootrw««npto of po^nilhfl emoreldlne base waa prepared iblowina tM prooadure 8M out by A M Karwntm «t aC 

Potonor 33(20) pp 4292*98 (1992), A 2g sample of mia wis gfacao In • 2S0ml beaker whh 20g of a grado of hMiotfwS-pyrTonetono (HMP) intandad fer Mgh^trfwmwte* iJeutt cnromatooraony 

(hplc). Tha mfadurawas xurnd and than subj rrtnrt id ubwnio vibrations far 1$ mtautoc to ensure nrlnmiafn dbperdon of the amnrakfino baso, Naxt, 3.$ g of phanytTtydnBtna we* added and 
the mature etxYed fof 24 hour* at ream temparxturx, fay which txno it had tuned dark brem Th« beaker «n now nfavduoed Mo a nfeoo^ntmaspheni gbivo box and tho contents added to ■ 
tangs exeeee of totuene. with vigorous stirring, to predpitaco teucoomorakline, which was recevefed by fftration, washed four Times with toluene, dried on iho Burhncr runnd and transferred ro a 
oeeelcetor, which wee oveouflted and removed tern the gtav* box. Dynamfc vacuum waa appttad Cor two day* la mirth* in residual toluene. The deexfeaiar wax nhimd to tha aiava-bex and tha 
■uooemereWine ground wtfi a paatla and mortar, giving a KehMxn coloured powder. 

Sample* ware praparad fof NMft oxvarvalbns by mixing about 04g of the powder wflh 4g of a mfatfum of nemtirwDy aaual votumas of NMP and <uUy dautaratad cfimaihykuh^hondD /dftDUfiO). 
The mixture waa subjected to uttraeonio vfcraGcns for 15 mJnutea to ensure dbperaion and Imnaforrd to a lOmum diameter NCR sample tube, which was copped and sealed with hyarocarbon firn 
(•old undar tha trademark fAfUnLwn. The 3C eoectfua wax obtained uafng a oruKer amx-soo toactromatar at an operating rrecuency or 129.77MHL a lOmum decoupler col and a ram to) 
probe tamparaftira or 303K. Chemical anm valuee were computed 5a rotation to latremathytaaana (TMS) on ma bast* met the d6DMSO peak waa al *39.5pem. 

Tha ratuRs of this (naasuratnant wii bo dJaeuaaad wim 
Stamp!* 9 baiew. 



Gtarapta 1 
On* fifth of a 



moi* (2S.92Q) of anffin* hydrochloride was dmhred wflh 1.65 inoka (70a) «f tftium chloride in 300ml of dkkffled water and pieced n a jacketed readbn veaxd fitted wSh a 



dtafltodweterv 

addition. TT» t __. 

m* hxtidu* weahed three Oma* wtth 3DOml of dJxtiDad water and than sarrad In 33% aqueous ammorfa xotuffen lor a hour* Tha rnixtur* wax again ftitamd and fie reskxxf waxhad twice with ' 
300ml Of (SttUtod Water and Onoa W2h 300ml Of i euutupa i u t (yield after drying 85%). Thai waa prooxxxarf I'rxO OTwrrtad and pfoizsnaWd film using tha ixmx pracsdura ax fer Comporison Examphi 
A. except that (because of the higher solution vboosfay reflecting o molocular weioht (M ) e adm ated as 107,000 by get pertneaaon p drcrnotfiensphy using poly^nylpyridne re ference polymers 
in a ooluUon containing a Ik SuUxn ctxeridx (n 

N-mtmyV2i3yrralldcnaJ tna OQnoahtrabort Of tha cooiing sslutnn waa onV 714. At an exwgafion of 200*. tha eonduonvibBS wara rnaaxurad as 1000S/om and 70&Vcm in the lointudrel and 
Iramvarea dlrecdona. comparad wim a valua of about lOCS/cm in +tc unonaniad siala. It ehouJd ba noted Dial tha Improvarneni In eonduethffty in (ho unoriented state is rebtivewanafl and that 
tna artsotropy of ma oriAraAd !Un Ix aubsuvMisily oreatar than that of tha Comparkan 
BeampioA. 

aacond aamplo was prooMMd atmOarly axaapt thai * wa«x pratanatcd In 15%mxthyt autlanic aekl inttaad el in hyexoowartc add: thb had condurtrvxiax af I117$/cm and 1Q9$/om ntho 
tongttudlnBl and traneverae dJrecttona m tha ertenied state, compared w3h about tzOS/om In tho unorien t ed state, Thb sample was 0.010mm thick. 

Examp4e« 2-7 

Tho procodure of fiojmplo 1 wee repealed wOh varhiiejra In etc reaction oendAiens as detailed in Table 1 below, except that in moat oases only methyl SAjfphonic add was used n tho 
ereienaitax^ 

TABLE 1 

Cxampta Tanrnaratura Soluto Jlaactton prl range no. ( Q Hm« (h) 2 -5 Wk MgCtZ 22 £2-0.7 3 -9 102K UCI 23 1 J34LQ 4 .13 110% MgCt2 43 10-0,0 2£ .18 14,3% U0 231 34.0 fi -23 110% 
» |5^.fim^33 215% ua 47 2^0,3*^ In xWl«S. thefts In thi» Table 

Exaotpia yield M Ptatonaior Conducrtwttlaa* 

Na.(i} a bo2S7xA000UoSC>WfidC19»3 3 94 94,000 M«S03H 100 701 964 104? 117,000 Me$03H 104 713 79 S 9$ 1Z4.000 M*S03H 103 1010 75 S BS 100.000 Ma303H123 1021 
93 

H» 10S 1016 7fl 7 92 107,000 MoS03H 76 »5 90 

3 * a ii the unorraritd rfa**, b in tho longiuowia! direction end c In mo trarawie direction, both in tha onentod ftate. 

The product of txampi* 2 wax pmcxxxad to (oLie&omaraksna form and MM* mtwrnani* mada faHow^ng tha *ama prpcpduro ox da^rtbad tn correction wtm Ccmpanson 

Examph> 8: lha reeull wa ba dbsuxxxd bdow with tha naxt 

(Ltasnpto. 

Examples 

Orat larth ofa znohj (9\3lgJ of anflhowas dtesajvod tDQttharwkn 0.61 moloa (2fl.Ag) of Btnxjm ahJarida In 100g (about 0.1 tnolo) of 1M hydrochloric add. Tho pH was aoluetBd to 1.0 and ma 
aobtion placed in a jacketed reaction veeeel fitted wtth a mecftanical tikw and cooled to about -30 C by oxioulating Ikid at maitemperelure. A sokriion of 0.125 mutes (2S.S2s) of ammonium 
pareubhata m 51.49g of watarwM addad oropwiaa to mt oooiad reaction mfsdure by maana or a parfauiue pump at a now rata of approximataiy Smvh (addSJOn tfma about 14 hours} and abrrina 
contfnuad for a total Of 4fl rtouni from tha bagatung of addioon. Tho tomporgt v ro remarad afaout 00 C throughout tho reoctkm. /a 

Tha rexufflng dark green raadion mtouro was fttorod and tha residua washed 10 times, each tkno watt 200 ml of water and men stirred fn 100 ml of 33% aqueous ammonia for 24 hours rrte 
mixture waa agati fftered and tha residue wa&hed a ttmea, each time with 200 ml of water and men twioe, each time with 200 mt of isopropono! and then dried under vaouum at SOX for 24 
hours, to grva a yield of $5%. 

The moJocuiar wetgru } of mto potymer w&a etfirttiad ax 

p 124,000 by gal permeation onTttTiatograpny at dtrc uaing petyfewtoyipyrfeln* rentrenoa potymara in a solution eoncaMng 0.1k Ethtum chiondo in N^oaV^yrattxnxia. 
Asampteofmfe^^or^^ 

S%toa^*jMhe«ioBao^ ^ 

pigufa a and tor exsmpta 2 n ngura 4, 

S^ISSwkTS^ £J!^iZ?il; I ^IL^^i ^l 29 ^ 129 ^ wWehafg atb^utad to residual toluene (from which a fcnher paak at l37.5ppm can oa 

n^ney. Omerwtse, mare are mapf paaka * end 3 raxpxethfrfy at 1 1B and 137ppm (lha bxlar masking tha Warred tolunno poak) in both caxnx duo to tho regular leucoefnarakfirw OTJCtura. In 
ngure 2 Una polymer of 

Example 5) mere are no other substantial peaks • the shoulders 10,1 1 seen on tho major peak at 11eppm are anrftutabio to a^rmhg skla-bands <as are smai lymmatrtcaJ satiaisa paaka n 
^i^^fTi^^^ b T^f!£ wr, ll! ^ « !ST luHBn ^iVjST' «*> «nveritk^ prepared pofymW) tftare « ^p^^m^pa^S, 7. 3. 

taawuan, Quarxlutuva anatyxa of similar traces obtartocj wtth tha dacoupiar coil gated off during a 30 second recyde period mcttcatss that artar growing for ma raaidual toluana, tha araaa of ma 
teomafer paaka are in a retle of i1 wfthjn oxperimantal error and account for about &$% of the Intensity rt ma 110-1 60pprn region tn Figure 2 and 09% in 
Figure 1. Those pa t ui teu c s may be taken as rough eeUmataa of tha regularity of the roepecth* polymer slaidurex. 

Figure 4 N aantkar to Hgure Z but with a few vary smafl aeUamnaJ pooks adrautabb to defect sbudures bdow the 1% level, 

Anj^mpted tp**™™*^™?" *mc 1 Cmum c^couplar co4 for the product of Exampte S was of poor resolution but was conetetent wim the pretence of two maior peeks at 

OlSd ana 7 wSlppm wot an inttnsity roue of 4c 1 , 

ViSSf^L ^ *?P! > -? W " P™"* 0 * 1 inkJfifTi jraneraaV aa &i tho precoaTng Ettmplee, using a coating solution wih 7% eoBds to Tom a eoaiino weight of 
giL 05 ? 0 ? 2 : ,T^J^ t ^.P >oce ^ ^ to parmlt higher elongations » ba obtajnad, frrt by Tototng tna arwainai tdoea of the ffrn twice over on thamxetuex to arenothon tho 
SST^iS?^^ ^J^Jf^^PP*^ Tha fOickJdtdgea were Wnmad oft bxforo mo»u«mcni» worn mada. A 

rang* of xxuxyna coukl Uixn ba obtacxid by preheat^ the ffm to a temperature of about 00-90*0 and applying whatever tension wee required to streteh stewly to the remircg extrnt w ati 
CM ^^ tort ^°2 ^J^i^ 9 " ^ Ha to 24 h0UT »* ^ W<*h«««» cor^fuctMuae and electnoal arHaotropy (the rxtio of eariduoUv^ax in eta kximtudhal and t 
raaaxuntd aa in Tabfa 3 and graphad n 
Frgure 5: 
TABLE 3 

ConductMSaa 

Cdoneion TTxckneea (Sfcm) t 

L 0 ^?^ i^JS^S! £? 2C ii , ??^2 es 1 1.7 son 0.031 131B ee 111 400 cow 2101 m 25.0 300 0.023 4715 7« azo eoo 0.025 asos 77 si.a t^ow,; ao24 2043 
toeSiije^oBx^^ «"9^^ may ba traKOir^ 

As doarty soon in tha graph, tha fikn of thla 

Exampla hai a ccftG^ctrrty maajured aa batter man 200SA>n far ekxigjaxana mm About 400 to ***** 700%. 
Examptea 0-16 

wa^wara aaamatad aa aatora, and tho results are given In Table 4, along wBh a oomparfton example at 0 C and Example a to eamptate a aequenDa: 
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Exampto Temp ftiCfl Yiald p 

-0 0 89.6 7*000 

9 -10.0 5.65 92.1 HOOO 

10 -15.0 11.2S 117,000 

11 -20.0 13.54 04.2 112.000 

12 *22.5 14.59 93.3 109.000 
11-25.0 18.08 97.S 110,000 
14 -3.0 1*43 94.B 130,000 

13 -27.5 17.40 10a5 117,000 
S -30.0 19,09 94J 124,000 
1* -3S0 2147 88.4 117,000 

Examplts 17-22 

2!? ^^fl 0 ^!!^ llL^JSS^^i i?" 8 * * 5ta ?5?_ pM vaJu * 1 1,1 °* f>n <* * » ^ ^ the results, indudlnfl Exampto 14 to oompfcta to » dioM in Tabia s 

TABLE 0 

feampto starting oagraa of Ytald Mp 

MS&> 7 * 3 ° 100 897 fl7 '°°° 18 *'° 1,00 97(4 14 * 1J a * wa ^.a* 19 a72 127.000 20 «u a* 142.000 21 -0.2a aso a&a 142,000 22 -030 

Th» products of Cicunptofi 17 acid 22 wore reduced ts touooenteraJdina fbrm tor NMR irtaaaursinsnts as baton, and the resulting, traces are given as Figures 5 and 9 ratpocinfefy. 
IxampJas 23-27 

TABLE S 

S^l^p^?,*^.?^,^^^ 7 ^ ,48 - M ° 24 U *' 497 1SUtt "-»"« «» *S 130*0 d«p Hue 25 1.30:1 S4.6 H7.0C0 » 

ilZ^ii,*" *53? w 9 pcrcontaga ofrm aqmour* of aniina prassra; m a molar ratio of 1.0, the view is vary dose to ths theoretical value of so* ft* a ^ ,<u^n 

The attention of *s fen* « pratum** due to rearfual c£m« (and possibly othtr Ottgom^i), bfc if fa*. ir^nTW^ SptoTf^So^tte 

Rot^Tl^ 27 ^ l ** JC * d t0 lfW " wnw « ,,,f ~ NM * moasummores * before, and the mutt* tnKas a» ftvan a* 

i2B 



Samples 2940 and Comparison example C 

tonpte2flOQ.lndafe> n D 1 *iDWfM^ Cm* rematod aL 4S noura. Tha rstufci or* -ummansed in 

TABLE 7 

example OikJant addition YteW /Comparison time no. hours) 

??5!] 0 ^? )28 l.^ 8a8,vC0 14 14 w - 8 1*0,000 30 M W.r 137,000 * low yield due to a loss in waionta. net towm 
The produd of Exarrtpfe 28 waa raduoad to tauooemeraJdtna form for NMR maosurament* as btttoro^iuid ^ mButtn9&Qeofe^v«n as Figunx 13. 

Comporaon Examplae 04* 
TABLE S 

e 16 97.S 119,000 
C 46 99.5 110,000 
J* 90 91.6 122.000 
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Claims 



CLAIMS 1 A potyanftie characterised by a nudear magnetic _ 1 _ 1 ^ ^ u 

u iumimi spectrum m » leuco torni snowing only two C peaks, indicating eubetanteJ absence of chah bnncNfiD. 

2 A ptfyanBbie aa ctslmed in ctakn 1 having a molecular weight W ) above 90,000 and up to about 170,000. 

p 3 A poiyanifK » ata ned in cfekn 2 in which the moiscuier weight I • in the ring* 1 00,000 to 140.000. 

4 A ppryanUfie «i*xtartaCy » dvmftMd ki any art* uf Ihw numbered Bceinptes. 

B A potyanmno as dafmod in any ono of dafene 1-4 in oriented ram torn. 

6 A potyanlOno in oriented ftn form as claimed in dtim 5 havlno a degree of orientation carrcsprxSng to on ■lohgatjen of at teaet 300%. 

7 A poryenfllne It oriented Urn torm as claimed tn cWm 3 navfrrg e dngrao a# arlenhdkm eorraepnoinQ to an eJongation of about 300 to about 700%. 

8 A conductive oriented flhi of a pdyandna as claimed In any ono of cb&ns 3-7 tn it* emeftwne eweaocn state, 

9 A potyanino in orimted ffa form havvig a degree of orientation com»epondb>a to en elengstiol, * *» rang* 300 b 700K and a ©ondUOMty or ft Mat 2000$/cm by virtue of th. nineiartllai 
absence of chain branching, 

10 A meftod of meJdng a pofcsfiitino as doimed in etshi 1 comprising oxidising anfflne h aqueous solution with a pamjlphaat and oharacterltad by the combination of oendhlone 
ffiat maaoiaty of th* solution tti rewghovt the reaction is audi » i« tampaiatiw la o^uaod to 2D"C it wiO hawapMhaw rang* flnom about -02 to *3.0 

that the bempwature of the wWon 9 in ihn wngn from -fi la about -40TC; 

tn* Befallen oontaftft at Mast sumcsam Inert Ionic solute to metntain ft Tn the HojukJ state: and 
thei tha pwikdonalt is added lo the solution always at a tit* cofTttpondina tn a torat adrfton time of el least at* hours and In a molar ratio 10 the aniana in the range irom n.ri to 1.-1:1. 

11 A method as claimed in CUm 7 h wHoh tho darting aefdfty een*aaponda to a pH In the range -0.1 to *1.0. 
l2Am«Ihoda4cieJmed In Claim ICorCbim 11 in which the temperature ts h ft* range -10 to -3^C 

11 AmvChcd aa claimed in cum 10 or Claim 11 in wruen the temperature Is in the range -25 to -80 C. 
HAmcfiodaiGfatfmxJ inCbtn 10or Clairi 11 in which Ih* temperature is about -20 C. 

19 A method am donnd in any on* of daid* 10-14 h whidh (he »eid inert tonic »ofute U »^*d frem the group eoneteflnfl or litrtum ohtorto, mognodum ohkirida. and cocaun cntodda. 
1ft A imlhad a* denned In any one of daim* 10-13 in whioh atWiiion of the «id pcrruffijat !i urtifdrm ever a period or at leart M hours. 
17 A mirthod aa ctaimad in any one of ctaicna 10-10 in which tha addition of the persulphate eaouples a time not greater thnn M noun. 
ia A method aa d aimed m any ona of daime 10-17 tn which me ratio of parsulfeto to anftw » in th* ranoa rrom 1.19 to 1.3. 

19 A method *» drnnrnd ri «iy ate of daim« 10-18 in which the ratio of perfruifat* to anfr* is in tfw ran^a ftam 1^ to 1.1 

20 A meftcd aa dalmed r any one of doims ma fa whfcn tha ratio of perauraia to an«na is in trie range from 1.15 to 1.2. 

21 A matnoo or mating a polyanlllna subsandaJV as described with mfmn nLc lo any one of Examptoe 1-Z7. 

22 A radhod of maWna e pohronilne eubetahtially a» deecribed with refermce to Cxampte 2& 
23ArnBthotfef inakitg a potyartan* libatartiaJly aa deecrtPed with reference to Cx»mpia 2fl or Example 3a 

24 Potyenilnc npda by trw mdhod cfccrrmd tn tciy <n of cUmtt 10-23. 

25 PoryeniQne as uuanod in dacrn 24 in tho farm of oriantad film. 

Oeia suppfied from the esp$ovnet databaeo • 12 
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